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Abstract: We propose and study a novel extension of the Standard Model based on the
B   L gauge symmetry that can account for dark matter and neutrino masses. In this
model, right-handed neutrinos are absent and the gauge anomalies are canceled instead by
four chiral fermions with fractional B   L charges. After the breaking of U(1)B L, these
fermions arrange themselves into two Dirac particles, the lightest of which is automatically
stable and plays the role of the dark matter. We determine the regions of the parameter
space consistent with the observed dark matter density and show that they can be partially
probed via direct and indirect dark matter detection or collider searches at the LHC.
Neutrino masses, on the other hand, can be explained by a variant of the type-II seesaw
mechanism involving one of the two scalar elds responsible for the dark matter mass.
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1 Introduction
Models in which the dierence between baryon and lepton number, B   L, is gauged are
economic and well-motivated extensions of the Standard Model [1{6] that may shed light
on the origin of neutrino masses [7, 8] and the nature of the dark matter [9{11] | two of
the most pressing problems in particle physics today. Among the possible realizations of
such models, the minimal one is that based on the gauge group SU(2)LU(1)Y U(1)B L,
which simply extends the Standard Model (SM) with an extra U(1) of B   L.
In these models, the cancellation of gauge anomalies is usually achieved with the
addition of three right-handed neutrinos, which simultaneously allow to explain neutrino
masses via the type-I seesaw mechanism [12{15]. Several attempts have also been made to
incorporate the dark matter within these scenarios [16{27]. It has been known for some
time, though, that the anomalies in this model can also be canceled in other ways. In
particular, a model with 3 singlet fermions with B   L charges 5,  4 and  4 was rst
proposed in [28] and has received some attention lately | see e.g. [29{32].
In this paper we present a new B   L gauge model, based on the U(1)B L extension
of the SM, in which the right-handed neutrinos are absent and the gauge anomalies are

















have fractional charges under U(1)B L. These charges forbid any tree level interactions
between the Standard Model particles and the new fermions, rendering the lightest of them
automatically stable and therefore a viable dark matter candidate. Two important features
of this model are thus that the elds responsible for anomaly cancellation also explain the
dark matter and that the stability of the dark matter particle is automatic | there is no
need to impose any extra discrete symmetries to ensure it.
Besides these four chiral fermions, the model includes two scalar elds, also singlets of
the SM, with B L charges 1 and 2, which spontaneously break the B L symmetry and give
Dirac-type masses to the new fermions. Another scalar eld, a triplet of SU(2), is further
required to explain neutrino masses via a variant of the type-II seesaw mechanism [33{36].
Interestingly, the necessary induced vacuum expectation value is here generated by one
of the scalar particles responsible for the dark matter mass, thus indirectly connecting
neutrino masses and dark matter.
The plan of the paper is as follows. In the next section the model is introduced and
described in detail. We write down the full Lagrangian, implement symmetry breaking, and
nd the fermion and scalar mass matrices. The dark matter phenomenology is presented in
section 3. Specically, we determine the regions of the parameter space consistent with the
observed value of the dark matter density and discuss the role of current and planned dark
matter experiments in probing them. In section 4 the LHC bounds are examined while
in section 5 we explain how neutrino masses are generated within this model. Finally, we
summarize our results in section 6.
2 A new U(1)B L gauged model
The B L gauge extension of Standard Model (SM), where the dierence between baryon
and lepton number is dened as a local gauge symmetry, is one of the simplest extensions
from the point of view of a self-consistent gauge theory. It naturally appears in well-
motivated scenarios for physics beyond the SM, such as left-right theories and unication
models. Here, we will focus on a model based on the SU(3)C SU(2)LU(1)Y U(1)B L










are non-zero. The usual way of overcoming this problem is to add right-handed neutrinos
NRi; (i = 1; 2; 3), each of which has a B   L charge of  1. In addition, these right-handed
neutrinos may also explain neutrino masses via a type-I seesaw mechanism.
In this paper, we would like to propose an alternative way of canceling the gauge
anomalies that does not invoke right-handed neutrinos. As we will see, this novel sce-
nario provides a direct connection to dark matter and oers also an interesting link to
neutrino masses.
2.1 Particle content
In a model without right-handed neutrinos, the B   L gauge anomalies can be canceled
instead by the following four chiral fermions

















Field SU(2)L U(1)Y U(1)B L
Fermions QL  (u; d)TL (2; 1=6) 1=3
uR (1; 2=3) 1=3
dR (1; 1=3) 1=3
`L  (; e)TL (2; 1=2)  1
eR (1; 1)  1
L (1; 0) 4=3
L (1; 0) 1=3
1R (1; 0)  2=3
2R (1; 0)  2=3
Scalars H (2; 1=2) 0
1 (1; 0) 1
2 (1; 0) 2
 (3; 1)  2
Table 1. Particle content of the U(1)B L model.
which are singlets under the SM gauge group but have fractional charges under B L (the
number in parenthesis). Here the elds L and L are left-handed, while iR (i = 1; 2) are




















=  3 + [(4=3) + (1=3)  ( 2=3)  ( 2=3)] = 0 :
In addition to these fermions, the model includes two new scalars, 1; 2, also singlets
under the SM, with B L charges 1, 2 respectively, which break the B L symmetry and
give masses, via their vevs, to the new fermions. These fermions arrange themselves into
two Dirac particles, the lightest of which is automatically stable | without the need of
ad hoc discrete symmetries | and constitutes a viable dark matter candidate. Thus, the
dark matter is explained in this model by the same elds that are required to cancel the
gauge anomalies. Moreover, since the correct relic density is obtained, within the thermal
scenario, for dark matter masses around the TeV scale, the B L breaking scale should also
lie close to TeV and, therefore, not far from the LHC reach. Hence, this scenario predicts
a low B   L breaking scale and could be tested not only via dark matter experiments but
also at colliders.
Finally, one more scalar, , triplet of SU(2) and with B  L =  2, helps neutrinos to
acquire non-zero Majorana masses via a variant of the type-II seesaw mechanism involving
also 2. Indeed, as explained in section 5, the vacuum expectation value of  is induced by
the SM Higgs H and the scalar 2, thus linking neutrino masses and dark matter within this


















To explain the smallness of neutrino masses, the scalar eld  must be heavy (M 
1 TeV), so it eectively decouples from other phenomena at lower energies. To simplify our
analysis, in the following we will include  only in our discussion of neutrino masses, in
section 5.
2.2 The Lagrangian
The most general Lagrangian involving the new elds and consistent with the SU(2)L 
U(1)Y U(1)B L gauge symmetry is given by































   i Li R 2 + i Li R 1 + h:c: 





   V (H;1; 2) ; (2.3)
where i, i are new Yukawa couplings, gBL is the gauge coupling associated to the U(1)B L
group, Z 0 is its corresponding gauge boson, and FZ
0
 the respective eld strength tensor.
The scalar potential, V (H;1; 2), will be discussed in the following subsection.
Notice that bare mass terms for the new fermions are forbidden by the B L symmetry.
Their masses are generated instead from the Yukawa terms once 1;2 acquire vacuum
expectation values.
Remarkably, this Lagrangian automatically includes an accidental Z2 symmetry under
which the new fermions are odd while the other elds are even. Thus, the lightest of these
fermions will be stable and a viable dark matter candidate.
2.3 The scalar sector and symmetry breaking
The most general scalar potential involving H, 1 and 2 and consistent with the gauge
symmetry of our model is
V (H;1; 2) = 
2
HH





























The conditions for this potential to be bounded from below read
H ; 1; 2  0; 1 +
p
H1  0 ; 2 +
p
H2  0 ; 3 +
p
12  0 : (2.5)
The spontaneous symmetry breaking of SU(2)LU(1)Y U(1)B L down to SU(2)L

















1 and 2 at a scale above the electroweak phase transition scale. Later, SU(2)L  U(1)Y
breaks down to electromagnetism via the neutral component of the Higgs doublet, H0.























with hH0i = v=p2, h1i = v1=
p
2, h2i = v2=
p
2. The minimisation conditions of the













































Because 1 and 2 are charged under B L, their vevs induce a non-zero mass for the










It is convenient to dene a new dimensionless parameter, tan , as the ratio between the










2 + tan2 

(2.8)
so that v1, v2 can be written in terms of MZ0 , gBL and tan .
Since the Z 0 couples to the SM fermions, its mass can be constrained with collider
data. From LEP II the bound reads [37, 38]
MZ0
gBL
& 7 TeV: (2.9)
LHC data also set limits on MZ0 , as will be discussed in section 4.
2.4 Scalar masses
The terms proportional to 1 and 2 in equation (2.4) induce mixing between the SM Higgs
boson and the new scalar elds of this model. Since the scalar boson observed at the LHC
with a mass of Mh = 126 GeV is very much SM-like [39, 40], this mixing is necessarily


















The scalar CP-even spectrum thus consist of the SM Higgs plus two other states which
mix with each other according to the mass matrix
M2Higgs =










in the (h1; h2) basis. The resulting mass eigenstates, denoted by H1 and H2, are related






cos  sin 






It is convenient to take as free parameters of the scalar sector the physical masses of H1;2










































and, as expected, has an eigenvalue equal to zero | the would-be Goldstone boson that
becomes the longitudinal mode of the Z 0. The mixing angle, , in this case is entirely






2). The physical CP-odd eigenstate will be









This model predicts, therefore, the existence of 3 scalar elds beyond the SM Higgs:
H1, H2 and A. These elds have scalar interactions among themselves, gauge interactions
with the Z 0, and Yukawa interactions with the new fermions.
2.5 Fermion masses
The scalar elds 1, 2 are required to give masses to the new fermions after the sponta-




























which has a Dirac form. Hence, this model contains two Dirac mass eigenstates, denoted
by  1;2, the lightest of which will be the dark matter particle. They are related to the
original gauge eigenstates via the mixing matrices UL and UR that diagonalize the fermion
























cos L;R sin L;R
  sin L;R cos L;R
!
: (2.19)
It is convenient to take as free parameters determining the fermion mass matrix the two
mass eigenvalues M1;2 and the two mixing angles L;R. The couplings 1;2 and 1;2 can




















(sin L sin RM1 + cos L cos RM2) : (2.23)
The interactions terms between the new neutral fermions and the Z 0 is given, in the
mass eigenstate basis, by






















3 sin2 L cos L

PL 2 +  2

 




Z 0 ; (2.24)
which does not depend on R. Without loss of generality we assume in the following that
 1 is lighter than  2 and, therefore, the dark matter candidate. The vector (g V ) and axial
(g A) couplings of the dark matter particle to the Z
0, which play a crucial role in the dark





1  3 cos2 L
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1 + cos2 L

: (2.25)
We now have all the ingredients required to quantitatively study the implications of























Figure 1. Some of the diagrams that contribute to dark matter annihilation in this model.
3 Dark matter phenomenology
3.1 Thermal relic density
Being neutral and stable, the lightest Dirac fermion of this model,  1, is a viable cold
dark matter candidate. It has U(1)B L gauge interactions mediated by the Z 0 and also
scalar interactions, induced by the new Yukawa couplings, with H1, H2 and A. Both
interactions may contribute to dark matter annihilation in the early Universe. Figure 1
shows some representative Feynman diagrams for dark matter annihilation in this model.
The annihilation into SM fermions mediated by the B   L gauge boson (left diagram in
gure 1) has a cross section which, in the non-relativistic limit and neglecting fermion
masses, is given by
v

















where MDM denotes the dark matter mass,  Z0 is the total decay width of the Z
0, and (Nfc ,
gfV ) is equal to (1, -gBL) for leptons and to (3, gBL=3) for quarks. Hence, dark matter
annihilation mediated by Z 0 depends only on four free parameters: MDM, MZ0 , gBL and
L (via g V ).
In addition, the dark matter could also annihilate into nal states containing scalar
particles (H1;2, A) via several diagrams, two of which are displayed in gure 1. Besides the
scalar masses, these annihilations into scalar particles depend on other parameters such as
tan, L;R, and the mixing angle in the scalar sector, . For an accurate calculation of
the relic density, we have relied on micrOMEGAs [41] (after implementing the model via
LanHEP [42]), which automatically takes into account all the relevant contributions to the
annihilation cross section and properly treats the annihilations close to the resonance.
To illustrate the dependence of the dark matter relic density with the parameters of
the model, we show in gure 2 the predicted relic density as a function of the dark matter
mass for three dierent combinations of (gBL;MZ0), all of them consistent with the LEPII
limit from equation (2.9). In this gure, tan  = 1, the scalar masses were set to 1 TeV,
and the mixing angles in the scalar and fermionic sectors were assumed to be negligible
( = L;R = 0). From the gure we see that the minimum value of the relic density is
obtained at the resonance, MDM  MZ0=2, and that its value increases with the Z 0 mass.
As expected, this resonance region becomes wider as MZ0 increases. The horizontal orange
band corresponds to the region consistent with the observed dark matter density [43]. For
this set of parameters, the dark matter constraint can be satised in two dierent regions:
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 = 0.3, MZ’ = 2.1 TeV
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tan β = 1
Figure 2. The dark matter relic density as a function of the DM mass for dierent values of
(gBL, MZ0): (0:3, 2:1 TeV) in blue, (0:5, 7 TeV) in red, and (0:7, 4:9 TeV) in green. In this gure,
tan = 1, MH1 = MH2 = MA = 1 TeV and all mixing angles | L;R,  | were set to zero. The
horizontal orange band corresponds to the region consistent with the observed dark matter density.
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 = 1 TeV
Figure 3. The dark matter relic density as a function of the DM mass for dierent values of tan : 1
(red), 2 (cyan) and 3 (violet). In this gure, gBL = 0:5, MZ0 = 3:5 TeV, MH1 = MH2 = MA = 1 TeV
and all mixing angles | L;R,  | were set to zero. The horizontal orange band corresponds to
the region consistent with the observed dark matter density.
If we now allow tan  to vary, the picture changes slightly due to the contribution
from the nal states containing scalar particles, as illustrated in gure 3. In it, the B   L
gauge coupling and gauge boson mass were xed | respectively at 0:5 and 3:5 TeV | but
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tanβ = 1 tanβ = 3
Figure 4. The contributions from dierent nal states to the relic density for tan  = 1 (left panel)
and tan  = 3 (right panel). The dierent lines in each panel correspond to the most relevant nal
states: SM fermions (solid blue line), H2Z
0 (dashed red line), H1Z 0 (dotted magenta line) and H2A2
(dash-dotted green line). In this gure, gBL = 0:5, MZ0 = 3:5 TeV, MH1 = MH2 = MA = 1 TeV
and all mixing angles | L;R,  | were set to zero.
modies only the couplings to the scalars, the relic density does not depend on its value
when the dark matter mass is below the scalar masses (1 TeV in the gure) or close to the
Z 0 resonance region, as clearly seen in the gure. Notice that 
DMh2 in this case decreases
with tan , allowing to satisfy the relic density constraint over a wide range of dark matter
masses above the resonance.
Figure 4 demonstrates how the contribution from dierent nal states to the relic
density changes with the dark matter mass and with tan . It shows the ratio between the
dark matter annihilation cross section into a given nal state and the total annihilation
cross section at freeze-out for the most relevant nal states: SM fermions (solid blue line),
H2Z
0 (dashed red line), H1Z 0 (dotted magenta line) and H2A2 (dash-dotted green line).
The left (right) panel corresponds to tan  = 1 (tan = 3) while the rest of parameters
are identical to those used in gure 3. Notice that, for tan  = 1, the annihilation into
fermions is dominant up to a dark matter mass of about 3 TeV. From then on, it is the
H2Z
0 nal state that dominates. For tan  = 3 (right panel) the nal state H2A becomes
very important, dominating the annihilation rate for dark matter masses above 2 TeV. In
this case, the SM fermions constitute the primary annihilation channel for MDM < MH1;2;A
and also around the Z 0 resonance.
In the following, we will focus on the case where the B   L gauge interactions, rather
than the scalar ones, determine the relic density. This choice is motivated by several factors.
On the one hand, such scenario is more predictive, because the dark matter relic density
depends only on four parameters: MDM, MZ0 , gBL, and L. On the other hand, these gauge
interactions also determine the expected signals in dark matter detection experiments and
at the LHC, implying interesting correlations between dierent observables and providing


















MZ0 (200 GeV; 50 TeV)
MDM < MZ0
M 2 (1:2; 3:0)MDM
gBL (0:001; 1)
; L;R (0; 2)
tan (0:03; 30)
MH1;H2;A (200 GeV; 10 TeV)
Table 2. Parameters of the model and their allowed range of variation in our scan.
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Figure 5. The regions that are consistent with the dark matter constraint in the planes (MDM,
MZ0) and (MDM, gBL). Dark matter annihilations are assumed to be determined by the gauge
interactions.
3.2 The viable parameter space
To determine the viable regions of this model, we have randomly scanned its parameter
space within the ranges shown in table 2. Then, we have selected those points consistent
with perturbativity (jj < 1 for all dimensionless couplings ), with the LEP II bound
| equation (2.9) | and with the observed dark matter density, 
DMh
2  0:12 [43]. As
already stated, this relic density was assumed to be the result of a thermal freeze-out in
the early Universe and to be dominated by the B   L gauge interactions. The resulting
sample of points represents what we call the viable parameter space of this model. Later,
we will examine whether these viable points are also consistent with dark matter detection
bounds and with current LHC searches. Let us rst analyze this viable parameter space.
Figure 5 projects the viable parameter space onto two dierent planes: (MDM, MZ0)
in the left panel, and (MDM, gBL) in the right one. From the left panel we see that the
correct relic density can be achieved over a wide range of dark matter masses, but always
relatively close to the Z 0 resonance. Moreover, we obtain an upper limit on the dark matter
mass of about 10 TeV, and a corresponding upper limit on MZ0 of order 20 TeV. From the
right panel, we see that gBL can vary between 10
 3, for light dark matter particles, and 1







































Figure 6. The regions that are consistent with the dark matter constraint in the planes (MDM,
sin R) and (MDM, sin L).
The other parameters that could aect the relic density are the fermion mixing angles,
L;R. We already saw, however, that only L enters into the dark matter annihilation cross
section. The left panel of gure 6 shows that indeed the viable points have no preference
for any particular value of R. A dierent pattern emerges for L, as illustrated in the right
panel. In this case, we see that at high dark matter masses L has to be small. This result
is in agreement with the fact that for small values of L, the left-handed component of the
dark matter particle coincides with the eld L, which has the largest B L charge among
the new fermions. Alternatively, one can see that g V is maximized for L = 0. Notice
that for sin L  1, corresponding to  1L  L, the upper limit on the dark matter mass
is smaller, of order 6 TeV.
We have now characterized the viable regions of this model, those consistent with the
LEP limit and with the observed dark matter density. It remains to be seen whether
these regions are also compatible with current limits from direct and indirect dark matter
detection experiments, and whether they can be probed in future experiments.
3.3 Indirect detection
The dark matter indirect detection signals | , , e+ and p uxes | are determined, on
the particle physics side, by the mass of the dark matter particle, its annihilation cross
section v, and the annihilation nal states. The dierential photon ux from a given
angular direction 














 Jann ; (3.2)
where the index i runs over the dierent nal states from dark matter annihilation, Bri is
the branching ratio into the i nal state, and
dN i
dE
is the dierential -ray yield per anni-
hilation into the i nal state; Jann is instead the annihilation J-factor, which characterizes
the astrophysical environment (e.g. the galactic center or a dwarf galaxy) where the signal
is produced.
Figure 7 displays our set of viable models in the plane MDM versus v. Since the relic






































Figure 7. The dark matter annihilation cross section versus the dark matter mass for our sample
of viable models. The solid black line shows the limit we have derived for this particular model
from Fermi-LAT data. This limit is based on the stacked analysis of 15 dwarf spheroidal galaxies
presented in [44].
MZ0=2), the usual argument for a thermal annihilation cross section of order  3 
10 26 cm 3 s 1 does not apply. Instead, we see that most points feature smaller cross
sections, with some reaching values even below 10 30 cm 3 s 1. Such small cross sections
are very challenging for indirect detection experiments. Notice, however, that the min-
imum value of v increases with the dark matter mass, lying above 10 27 cm 3 s 1 for
MDM & 3 TeV. Other points feature instead larger cross sections, with values as high as
10 23 cm 3 s 1 for low dark matter masses. The maximum value of v is also observed to
decrease with the dark matter mass, lying below 10 25 cm 3 s 1 for MDM & 4 TeV.
Currently, the Fermi-LAT limits from dwarf spheroidal galaxies [44] provide the
strongest constraints on the annihilation cross section over a wide range of dark mat-
ter masses. These constraints are presented separately, in the plane dark matter mass
versus v, for dierent annihilation channels (`+` , qq, W+W , bb), assuming a 100%
branching ratio in each case. Thus, they can be directly applied to models where a single
channel tends to dominate the annihilation cross section. That is not the case in our model,
however, because being a process mediated by the Z 0, the dark matter annihilates into all
SM fermions with comparable branching ratios. In fact, each fermion contributes to the
annihilation rate with a weigth proportional to NcQ
2
B L, where Nc is its color factor and
QB L its B L charge. We have used these branchings and the likelihoods provided by the
Fermi-LAT collaboration [45] to derive an upper limit on v (at 95% CL) for our model
(valid also for other models based on the B   L gauge symmetry). This limit is displayed
in gure 7 as a solid black line. Notice that only few points are currently excluded by the



































Figure 8. The predicted spin-independent cross section versus the dark matter mass for models
consistent with the dark matter constraint. For illustration, the current limits from XENON100
and LUX are also shown (solid lines) as well as the expected sensitivity of XENON1T (dashed line).
The relic density is assumed to be determined by the gauge interactions.
cross sections higher than the thermal one. In the near future, the Cherenkov Telescope
Array (CTA) [46] is expected to signicantly improve the Fermi-LAT limits, particularly
at high dark matter masses. But given the suppressed value of v that is typical of this
model, the impact of the CTA on the viable parameter space is expected to be very limited.
3.4 Direct detection
The dark matter particle in this model can scatter coherently o nuclei via a tree-level
Z 0-exchange diagram. Since the coupling between the quarks and the Z 0 is vector-like, the
spin-dependent cross section vanishes and only the spin-independent (SI) one contributes










where we use the fact that the nucleon mass, mn, is much smaller than the dark matter
mass. The direct detection cross section of the dark matter is thus determined by just
three parameters: gBL, MZ0 , and L.
Figure 8 shows the spin-independent cross section versus the dark matter mass for the
viable parameter space. We see that the predicted cross section varies approximately be-
tween 10 13 and 10 8 pb. Current limits from XENON100 [47] and LUX [48] are displayed
as solid lines. They can exclude only a handful of points with dark matter masses below
400 GeV. The expected sensitivity of the XENON1T experiment [49], which is already



























Figure 9. The LHC exclusion regions in the plane (MZ0 , gBL). The dashed and solid lines
correspond respectively to the LHC run 1 and 2 limits derived in [23] and [51]. The points to the
left of the red lines are already ruled out by dilepton searches at the LHC. Notice that the region
MZ0 . 1 TeV (or MDM . 500 GeV) is essentially excluded.
probe dark matter masses as high as 4 TeV and may exclude a signicant fraction of the
viable parameter space.
4 LHC bounds
The Z 0 boson of the gauged B   L model can be produced at hadron colliders [37] such
as the LHC. Current dilepton limits (qq ! Z 0 ! ``) from the LHC [50], in fact, provide
stringent constraints on the B   L gauge boson, as recently shown in [23, 51]. Figure 9
compares, in the plane (MDM, gBL), our viable parameter space with the LHC limits from
run 1 (dashed line) [23] and run 2 (solid line) [51]. Points lying to the left of the red
lines are not consistent with the LHC observations. We see that the region MZ0 . 1 TeV
(corresponding to a dark matter mass MDM . 500 GeV, see gure 5) is completely excluded
by LHC data. For Z 0 masses between 1 and 4 TeV, some points are ruled out, depending
on the value of gBL. The region MZ0 & 4 TeV, on the other hand, is not constrained by
current data. In the near future, these limits will become more stringent as more data from
the 13 TeV run becomes available.
5 Neutrino masses
Since the right-handed neutrinos are absent in our model, neutrino masses cannot be
generated via the type-I seesaw mechanism. A simple alternative seems to be the type-II
























Figure 10. Diagrammatic representation for the neutrino mass generation in this model.
symmetry breaking, a small vev induced by the trilinear term HH. The interaction
term f`
T
L`L (`L being the left-handed SM fermion doublet) then generates light neutrino
masses of the form m = fhi. The smallness of neutrino masses is explained in this case
by the fact that hi / 1=M2, which is suppressed for a heavy . This type-II seesaw is
then the motivation to include a scalar triplet in the particle content of our model | see
section 2.
Notice, though, that the extra B   L symmetry of our model prevents the realization
of the standard type-II seesaw as mentioned above. In fact, the coupling f`
T
L`L xes
the B   L number of  to be  2, which implies that the term HH is forbidden |
since H has B   L equal to zero. Remarkably, the eld 2, which is already part of this
model, provides a way out of this problem, as we now explain.



































with D = @+ i gLT aW a +2i gBL Z 0. We see that the term HH2 could play the role of
the trilinear term HH in the standard type-II seesaw. The dimensionful term  is
here replaced by the scalar eld 2 (see gure 10), which is also responsible for the breaking
of B   L and the masses of the new fermions. Thus, the neutrino mass in this model is
indirectly linked to the B   L breaking scale and the dark matter mass. The induced vev
of the triplet is given in this model by




and the light neutrino mass matrix becomes




















For typical input model parameters v ' 100 GeV, v2 ' TeV and 0  O(1), the O(0:1) eV
scale of light neutrinos with Yukawa couplings f ' 0:1 is generated by scalar triplet masses
around 108 GeV.
6 Conclusions
We presented a new U(1)B L gauge extension of the Standard Model in which the gauge
anomalies are canceled by four chiral fermions with fractional B L charges rather than by
right-handed neutrinos. The resulting scenario is simple and predictive and can simulta-
neously explain dark matter and neutrino masses. A remarkable feature of this framework
is that the lightest among the new fermions originally introduced for anomaly cancella-
tion is automatically stable | the B   L charges forbid any tree level interaction with
the Standard Model particles | and constitutes a viable dark matter candidate. We de-
termined the regions of the parameter space that are consistent with the observed dark
matter density and showed that they can be partially tested in current and future dark
matter experiments. LHC searches were also found to constrain the parameter space in an
important way. Finally, we showed that neutrino masses in this model can be explained by
a type-II seesaw mechanism involving also one of the elds responsible for the dark matter
mass. This new B L model is thus an attractive and testable scenario for physics beyond
the Standard Model.
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